In previous papers (1, 2) we have described the various types of tissue response of rabbits to inoculation with non-hemolytic streptococci. It was shown that reactions following reinfection were conditioned by the route of the original inoculation: if it had been into the tissues--especially into the skin--the subsequent reaction was that of hypersensitiveness, or hyperergy; if into the blood stream, it was that of immunity. For the sake of completeness two other types of reaction were recorded: that of normal animals, which in the majority of instances was followed by a secondary reaction, and that of cachectic rabbits, in which inoculation resulted in a soft, pale lesion smaller than that of normal animals, and not followed by a secondary reaction.
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(Received for publication, April 3, 1930) In previous papers (1, 2) we have described the various types of tissue response of rabbits to inoculation with non-hemolytic streptococci. It was shown that reactions following reinfection were conditioned by the route of the original inoculation: if it had been into the tissues--especially into the skin--the subsequent reaction was that of hypersensitiveness, or hyperergy; if into the blood stream, it was that of immunity. For the sake of completeness two other types of reaction were recorded: that of normal animals, which in the majority of instances was followed by a secondary reaction, and that of cachectic rabbits, in which inoculation resulted in a soft, pale lesion smaller than that of normal animals, and not followed by a secondary reaction.
Variability in the response of apparently normal rabbits to inoculation with streptococci is well recognized; and because of this some investigators feel that this species is unsuitable for the study of experimental streptococcus infections. Under ordinary experimental conditions this factor necessitates the introduction of a sufficient number of animals into each experiment to permit of conclusions on a statistical basis. " While such a basis is always requisite in biological research the advantages of having to depend upon it as little as possible are obvious.
During our investigations the desirability became more and more evident of ascertaining the best method of rendering a large majority of rabbits satisfactorily hypersensitive to non-hemolytic streptococci in the shortest possible time. This communication gives the details of some of the experiments planned with such an end in view.
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NON-HEMOLYTIC STREPTOCOCCL III E XPERIMENTAL
Both green-producing and indifferent strains of non-hemolytic streptococci of previously demonstrated sensitizing capacity have been used. From an original stock culture, preserved in the frozen and dried state, sub-stocks in rabbits' blood broth were prepared every 6 to 10 weeks. As the work progressed it seemed that old stock cultures in blood broth gradually lost their sensitizing capacity; more recently, therefore, the blood broth stocks have been renewed from the dried culture every 4'to 6 weeks. The inoculum for the animals was a culture grown for from 18 to 24 hours in 2 per cent rabbits' blood broth to which 0.05 per cent dextrose was added. Both Douglas tryptic broth and beef infusion broth have been used. If the sediment of more than 0.1 cc. of whole culture was to be injected in one place the culture was centrifuged and sufficient of the supernatant fluid was discarded so that 0.1 cc. of the residue represented the amount of growth selected for injection; 0.1 ec. of whole culture was injected if that was the quantity desired: and in the case of the smaller inocula the culture was diluted with broth or Ringer's solution so that 0.05 cc. represented the amount injected. It was found that the intracutaneous injection of 0.05 cc. of some samples of broth gave early evanescent, edematous lesions in some highly sensitized rabbits and occasionally in normal controls; but these lesions never became indurated as did those following injection of culture Dilution of the culture with Ringer's solution did not give rise to these false reactions; hence only this diluent has been employed recently. All skin lesions were measured daily until marked diminution in size was evident, and the volumes were estimated as previously described (I). The ophthalmic and lethal tests were carried out as previously noted (I); the dose of culture employed for the lethal test was the centrifugate of 4 cc. of blood broth culture per kilogram of rabbit.
To obtain as nearly uniform conditions as possible ardmals of corresponding weight and color were distributed among the different groups. During the past year we have found that Chinchillas and New Zealand Reds have more consistently become hypersensitive a~fter intradermal inoculation and, on the whole, have had more suitable skins; hence these varieties have been used when obtainable.
Attempts were first made to determine which was the most efficacious in sensitizing animals: one, two or four intracutaneous injections, each with the sediment of 5 cc. of culture. Lesions produced with such large doses frequently broke down and discharged their contents within a few days. Another disadvantage in injecting such large doses was the failure, at times, of the resulting lesions to show clear-cut secondary reactions, whereas those produced by I0 -t cc. or 10 -3 cc. in the same animals gave distinct evidence of such reactions.
With equivocal secondary reactions in animals treated with large inocula alone it was necessary to resort to ophthalmic and lethal tests to ascertain the state of reactivity. In two or three different experiments the results were so variable that no satisfactory conclusions could be drawn from the exclusive use of these large inocula. It was then observed that rabbits became increasingly sensitive following initial intracutaneous inoculation with the sediment of 5 cc., 1 cc., 10 -1 cc., and 10 -2 cc. of blood broth culture if they subsequently received repeated injections of 10 -1 cc. and 10 -2 cc. at lO-day intervals. In carrying out this procedure so many areas of skin were inoculated that little remained available for subsequent observations; hence it became desirable to devise other modes of sensitization in which less cutaneous damage was inflicted.
Expcri~t/.--Eighteen rabbits were each inoculated intracutaneously in five areas with the sediment of Culture Vl10A/0/13, as follows: 5 cc., 5 cc., 10 -~ cc., 10 -2 cc., 10 -4 cc. They were then divided into three equal groups, A, B and C. On the 8th day each auimal of Group A received a subcutaneous focus of 5 cc. of agar infected with the sediment of 5 cc. of culture. The animals of Group B were inoculated intramuscularly with 10-t cc. and 10 -2 cc. from a s~milar culture every 5 days from the 5th to the 40th day, and those of Group C with the same doses intracutaneously. The degree of skin reactivity of Group A animals was tested with 10 -4 cc. of culture on the 1st, 15th, 25th, 35th and 40th days, and that of the animals in the other two groups on the Ist, 10th, 20th, 30th and 40th days. The ophthalmic test was applied to the right eye of all animals on the 13th day and to the left on the 43rd day. During this interval one rabbit from each Group B and C had died. On the 48th day all of the animals except two of Group A received a subcutaneous focus of 5 cc. of agar infected with sediment from 5 cc. of culture of Streptococcus VIIOA. Six fresh rabbits comprising Group D received similarly infected agar loci. All animals were then allowed to go untreated until the 101st day, an interval of 53 days, when their right eyes were retcsted in the usual manner and their skin reactivity to inoculation with 10 -4 cc. of homologous culture was measured. The comparative intensity of the cutaneous reactions to 10 -4 cc. of culture is shown in Chart i, and that of the ophthalmic reactions is shown in Table I .
The results clearly indi~te that after the animals had been rendered hypersensitive by means of the initial skin inoculation the condition was satisfactorily maintained when an infected focus was prcscnt. At that time, however, we did not appreciate the influence of repeated intracutancous test inoculations with 10 -4 cc. of culture in maintainin~ the hypersensitive state (see Experiment 2) . Yet the animals of Groups B and C also received similar small intracutaneous inoculations repeatedly at 10-day intervals concomitantly with the course of 10 -1 cc. and 10 -5 cc. doses, without developing a comparable degree of hypersensitiveness. Indeed, it seems probable from the appearance of the curves of Group C that the repeated intracutaneous inoculation with these larger doses may have resulted in a temporary diminution of sensitiveness at about the 20th day. This opinion was confirmed by a parallel diminution in the size of the cutaneous lesions resulting from inoculations with 10 -1 cc. and 10 -5 cc. of culture. Other experiments have shown a similar wave-like variation in intensity of reactions in animals receiving repeated intradermal inoculations of large doses of Streptococcus viridans.
In this experiment the skin lesions resulting from 10 -1 cc. inocula were usually as large after the third and subsequent inoculations as were those produced by the sediment from 5 cc. at the time of the original inoculation. It is possible that these large cutaneous loci containing much necrotic tissue and many bacteria may have had less sensitizing effect than the smaller areas produced by 10 -4 cc. of culture. This possibility is rendered more probable from comparative consideration of Group B. These animals, although receiving the major portion of the inocula into their lumbar muscles, always showed cutaneous lesions at the site of the needle punctures; lesions that were often of the same size as followed intracutaneous inoculation with 10 -4 cc. of culture. They, therefore, were under the sensitizing influence of two small intracutaneous inocula every 5 days and of three similar additional ones every 10 days. Under these combined muscular and cutaneous lesions, however, the animals seemed to remain at a constantly lower level of sensitivity than existec~ in Group A, where the repeated sensitizing cutaneous stimuli were very small.
At the end of 6 weeks the average cutaneous and corneal sensitiveness of Group A was distinctly greater than at the end of the 2nd week, and also higher than that of Groups B and C, in which it was relatively the same as in the 2nd week. While on the 13th day none of the Group C animals gave a positive ophthalmic reaction, one did so by the 7th week (see Table I ).
The effect of an infected agar focus implanted on the 48th day was to maintain or increase the corneal sensitiveness of nearly all the animals by the 101st day, even though the cutaneous reactivity of Groups A and C had fallen off to a certain degree. It is true that the NON=HEMOLYTIC STREPTOCOCCI.
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right eye, which had been inoculated on the 13th day, was the one tested on the 101st day and the effect of this first inoculation must be considered. But among eight of the surviving animals in which the first inoculation of the right eye did not result in keratitis, the second--on the 101st day--was followed by distinct and intense reactions (see Table I ). These reactions, moreover, appeared promptly as compared with those of Groups D and E. Group D animals had been sensitized 53 days previously by an infected subcutaneous agar focus, without any preliminary cutaneous inoculations. Only one-half of this group developed positive ophthalmic reactions at all, and these were all weaker than in the first three groups, and were also slower in appearing. The members of Group E were introduced for the first time at the end of the experiment, to serve as controls of the activity of the culture at that time; like the animals of the other groups they received intracutaneously 10 -I cc., 10 -2 cc., and 10 -4 cc. of culture on the day their corneae were inoculated. Two developed secondary cutaneous reactions and shortly afterwards showed weak but distinct ophthalmic reactions. These two animals illustrate well that for the development of keratitis a state of hypersensitiveness is necessary; for even though their eyes were inoculated early, they showed corneal lesions only after the development of this state as indicated by the secondary reactions. The five groups of animals show dearly, as judged by their ophthalmic reactions, how variations in the degree of hypersensitiveness may be conditioned by differences in the method of previous inoculation.
Experiment I indicated that in most rabbits a high degree of hypersensitiveness could be obtained in 35 to 40 days by the following method: initial inoculation of several large doses of green streptococci, followed by the introduction of a single infected agar focus, and thereafter by repeated intracutaneous inoculations with 10 -4 cc. of culture at 10-day intervals. In two subsequent experiments carried out in almost the same manner, but without skin testing every 10 days, such a satisfactory degree of hypersensitiveness was not obtained. In fact the proportion of highly sensitive animals was very disappointingly small. The only differences between the two series of experiments consisted in the absence of small intracutaneous inoculations every 10 days in the second, and in the seasons of the year in which the two were carried out. Variations in sensitizing capacity of culture must also be considered.
Experiment 2 was therefore planned to determine whether one infected subcutaneous agar focus, or multiple intracutaneous foci from repeated single inoculations with 10 -4 cc. of culture every 10 days, or a combination of the two, was most effective in maintaining the hypersensitive state.
Experiment 2.--Each of 64 rabbits was inoculated intracutaneously with the sediment of 5 cc., 5 cc., 10 -1 cc., and 10 -4 cc. of blood broth Culture Vll0A/0/6. On the 8th day they were divided into four groups. Into each animal of Group A (27 rabbits) and Group B (25 rabbits) was placed a subcutaneous focus of 5 cc. of melted agar inoculated with the sediment of 5 cc. of 24-hour blood broth culture. Groups C and D, containing 6 rabbits each, received no agar foci. Groups A and B were larger because it was hoped by production of agar loci to obtain many highly sengitive animals for a subsequent experiment. On the llth day the right cornea of each rabbit was inoculated in the usual manner. The number and percentage of positive ophthalmic reactions is indicated in Table II . The proportion of animals in Groups A, B, and D, which developed secondary reactions was approximately the same; but Groups A and B had a much higher proportion of positive ophththalmic reactions than did Groups C and D. It seemed, therefore, that the implanting of agar foci at the time when the animals were becoming hypersensitive increased the sensitiveness of the eyes; this is a confirmation of similar observations in Experiment 1. The animals of Groups A and C were inoculated intracutaneously with 10 -4 cc. of homologous culture on the llth, 21st and 31st days. On the 42nd day the left eye of all the rabbits was tested, and all animals received 10 -4 cc. of culture intracutaneously. The volumes of the resulting skin lesions were computed from daily measurements; the average for each group is given in Table II . Five days later the cutaneous reactivity of all the rabbits was again tested with 10 -4 cc. of each of two cultures, one of which had been grown from an old blood broth stock preserved in the ice-box, while the other had been inoculated from a stock recently derived from the original frozen and dried material. The lesions induced by these two cultures were quite comparable in size; the average volume is recorded in Table II .
At the end of 6 weeks each of the four groups had been subjected to different sensitizing conditions. In so far as the secondary reaction is an indicator of sensitivity all groups on the llth day seemed to be about equally hypersensitive; but the eye test showed that Group D was less so than the others. Whi(le at this early period only one animal of Group C had developed a marked, and one a slight, keratitis, three subsequent intracutaneous injections of 10 -~ cc. of culture at 10-day intervals apparently so increased the corneal hypersensitiveness of animals of this group that when tested on the 42nd day, three developed strongly positive ophthalmic reactions. In Group A, on the other hand, the degree of corneal sensitiveness was found to have decreased, even though the animals had received the same intracutaneous treatment as those of Group C. But by contrast the continual sensitizing effect of these small repeated inocula is illustrated in Groups B and D, in which they had been omitted: Group B on the 42nd day gave approximately one-third the number of positive eye reactions that it did on the 1 lth day, and Group D failed entirely to develop sufficient hypersensitiveness for demonstration by the ophthalmic test. The comparative intensities of the skin reactions in tile various groups on the 42nd and 47th days also showed that the repeated production of cutaneous foci with only 10 -4 cc. of culture was more favorable for the continuation of the hypersensitive state than was the production of a single subcutaneous agar focus. The stronger reactions of all of the animals on the 47th day as compared with the 42nd indicate either that the culture used for testing was more potent or that the animals were more reactive. As the two different cultures used for testing on the 47th day gave reactions of approximately the same intensity, it is probable that the cutaneous sensitivity of all of the rabbits had been elevated by the small cutaneous inoculation 5 days previously. The experiment in all of its phases indicates clearly that after animals are made hypersensitive, this state can be continued or increased by cutaneous loci induced by doses of streptococci which are incapable of stimulating macroscopically visible lesions in normal animals.
In practically all previous experiments it had been assumed that a first inoculation of the sediment of 5 cc. of culture was necessary for the development of the hypersensitive state; in other words, that a large amount of bacterial substance was the important factor in giving the initial impulse. But control groups in a number of experiments, such as Group E in Experiment 1, had shown that distinct hypersensitiveness might follow the production of three lesions with 10 -~ cc., 10 -2 cc. and 10 -4 cc. of culture respectively. Moreover, in a comparison of the sensitizing capacities of a large number of strains of indifferent streptococci (3) it was found that nine small lesions often led to a marked degree of hypersensitiveness. It seemed advisable, therefore, to determine whether the total dosage of streptococci injected intracutaneously or the number of lesions produced was the more important in inducing a condition of hypersensitiveness, provided the lesions were all made at one time.
Rxperimvnt &--Five groups of 4 rabbits each were inoculated intracutaneously in a varying number of places with different doses of indifferent Streptococcus Q186A/O/6, as shown in Table III . The number of lesions varied between 1 and 11 and the total dosage was the ceutrifugate of either 0.222 cc., 5.0 cc., or 5.222 cc. of a 20-hour blood broth culture. All of these lesions were measured daily to detect secondary reactions; and on the 14th day the comparative hypersensitiveness of the animals was tested with intracutaneous inocula of 10 -~ cc., 10 -4 cc., and 10 -6 cc. of a homologous culture, and the ophthalmic test was applied to each. A new group (F) of normal controls was introduced at this time to test the activity of the culture.
Two rabbits of Group A sickened of B. lepisepticum infection; hence comparison with the others is somewhat vitiated. But the two survivors developed secondary reactions, and showed lesions on reinfection comparable with those of the other groups~ Moreover, the results of the rest of the experiment do not indicate that these Group A animals would necessarily have been less sensitive than any of the others. Group E, the members of which received only a single injection of 5 cc. of centrifugate, was the most poorly sensitized. Group C, on the other hand, which received approximately only 1/20th of the dose used in the other animals but divided amongst six areas, developed hypersensitiveness in as many members as either Group B or D. The latter group, however, showed the largest lesions following reinoculation. The culture used in this experiment was capable of producing in normal animals lesions about 1 cm. in diameter with doses of 10~ cc., but no macroscopic lesions with 10 -4 cc. In other experiments it has been observed that unless a particular strain could evoke fair sized lesions with doses of at least 10 -1 cc. or 10 -~ cc. it was practically useless in eliciting secondary reactions or in inducing a state of hypersensitiveness of sufficient intensity to be detected by the ophthalmic test. One may conclude, therefore, that if with any suitable strain lesions of about 10 ram. diameter are produced by relatively small doses, a number of these small lesions will more readily induce a hypersensitive state in rabbits than will a single lesion made by injecting a much larger quantity.
The demonstration that intracutaneous injection of non-hemolytic streptococci at 10-day intervals, in doses 1/10th the size necessary to produce minimal macroscopic lesions in normal animals, either maintained or enhanced the hyperergic state in rabbits already somewhat hypersensitive, made it appear that possibly it was the amount of tissue injured in a peculiar manner rather than the quantity of bacterial substance which furnished the direct stimulus for hypersensitization.
The time (30 to 60 days) required by this method to render the animals sufficiently hypersensitive for further experimental procedures made it desirable to determine whether the same principle might not be applied to secure a more rapid sensitization of the animals.
Experiment 4.--The microorganism, P64, used in this experiment, was a greenforming streptococcus, which in doses of 10 -2 cc. of blood broth culture induced in normal rabbits lesions of 10 to 15 ram. in diameter and about 1 mm. ill height; these usually persisted for 1 to 3 days. Macroscopic lesions were usually not visible at the site of 10 -3 cc. inoculation; but at the sites of injection of 1 cc. and 10 -1 cc. there occurred long tracking zones of redness and edema which gradually disappeared, and left areas in which secondary reactions were most likely to occur. Each rabbit of two groups was inoculated intracutaneously with 1 cc., 10 -1 cc., 10 -2 cc., and 10 -3 cc. of a 24-hour blood broth culture. Group A animals were simply observed in the usual manner; but those of Group B received during the next 2 weeks 11 injections each of 10 -s cc. of similar cultures; these inoculations were made daily with the exception of the 6th and 13th days; and each resulting lesion was measured daily until it diminished in size. On the 15th day the ophthalmic test was applied to the left eyes, and on the 22nd day all of the rabbits were inoculated intravenously with the sediment of equivalent amounts per kilo body weight of 24-hour blood broth culture. The results are summarized in Table IV. It is obvious that daily inoculations for 2 weeks induced distinct hypersensitiveness in all of the Group B animals, while those of Group A receiving merely the original inocula failed to become sufficiently sensitive to respond to any of the three tests used to detect this state. It is not to be expected that such a clear cut difference between the two groups would always appear, for with other strains a considerable degree of hypersensitivenes s has often been induced in some animals by a single series of inoculations similar to or smaller than that used in Group A. With this strain, however, we were fortunate in obtaining conditions favorable for the illustration of the advantage of the added daily inoculation of small doses. Another point brought out in this experiment was the early onset of hypersensitiveness, detected by measuring the 10:3 cc. lesions in Group B (see Chart 2) . Whereas the first two or three areas inoculated with this dose showed little or no gross evidence of infection, those following the third or fourth inoculation developed distinct maculopapules, and each subsequent injection induced a lesion of greater volume than the previous one. The maximum reaction occurred in areas inoculated on the 9th or 10th days, or about the time of appearance of the secondary reactions at the sites of the original larger inoculations. Then the intensity of the reactions following reinoculation seemed to diminish somewhat, a suggestion that an "immune state" was being superimposed on the pre-existing hyperergic condition. Similar diminution in reactivity has been observed by Julianelle (4) in sensitizing rabbits with pneumococcus vaccines.
4-10th day +12th day -t--t-+-]-12th day
StiU another advantage is suggested for this mode of sensitization. The recording of the amount of reaction occurring at the site of each reinoculation discloses, by the end of the first week, the probable capacity of the animal to develop a satisfactory state of hypersensitive- hess. This point is brought out by comparing Rabbit R2132 with the other two of the group (see Chart 2). The degree of reaction was slow in increasing, and was always small as compared with that of the other two animals; the secondary reaction was correspondingly slow in developing; the ophthalmic reaction was equivocal; and intravenous inoculation merely caused the animal to sicken without leading to death. In subsequently applying this mode of sensitization we have been able to determine within 7 to 10 days that certain animals were showing the cachectic type of response or failing to become saris-factorily hypersensitive, and thus to eliminate them from any series to be used for comparative studies.
From Experiment 4 it was not clear whether daily inoculations with small doses of streptococci for 2 weeks without the initial larger inocula might not have been as efficacious as the two combined; hence additional experiments were performed to answer this question.
Experiment 5.--Streptococcus Vll0A was used as the sensitizing strain. The animals of Groups A and B were inoculated in a manner similar to those in Experiment 4; but those of Group C received only daily in0culations of 10 -z cc. amounts over a period of 2 weeks. Ophthalmic tests did not reveal sharply defined differences amongst the various groups; but in this experiment, as well as in Experiment 4, the findings at autopsy after comparable intervals following lethal tests showed the most severe and widespread lesions in animals of Group B, which had received daily small inoculations in addition to an initial series of larger doses; the members of Group C, which had been sensitized with daily inoculations alone, showed somewhat more extensive lesions than those of Group A which had received simply the initial inoculations.
Comparison of the average volumes of the reactions from repeated 10 -4 cc. inocula showed that in the 2-week period the animals of Group B had somewhat larger lesions; hence one may conclude that in this period the strong initial stimulus combined with daily inoculation was more efficacious than the daily small inoculations alone.
Experiment 6.--In Experiment 6 the reactions to daily inoculation of 10 -3 cc. of blood broth culture of Streptococcus viridans Vll0A were followed for 4 weeks. In Group B initial inocula of 1 cc., 10 -t cc., and 10 -2 cc. were given; in Group C these were withheld, while in both groups single daily injections of 10 -s cc. were made. The average of the two groups is shown in Chart 3.
In all animals a wave-like rise and fall of cutaneous reactivity was observed. The curve rose most rapidly in the first 10 or 12 days; then there was a fall followed by a second peak about the 20th day, following which a second fall occurred, t All animals of Group B then showed a stationary or falling trend; in one this was very marked as though the animal were becoming "immune." It was impractical to carry the experiment further because most of the good available IqOIq-HE~IOL~/TIC STREPTOCOCCI. III skin had been utilized. This experiment demonstrates, however, t h a t a high degree of sensitivity can be attained by repeated daily inocula of relatively small doses of non-hemolytic streptococci, when carried out over a prolonged period.. Solid line, Group B received original inoculation of 1, 10 -1 and 10 -2 cc. followed by daily inoculation of 10 -3 cc. Broken line, Group C received daily inoculation of 10 -3 cc. only.
The tendency for the lesions to be less marked during certain periods in animals receiving daily inocula suggested that possibly the hypersensitive state might be temporarily depressed as a result of too frequent inoculation; and in addition Experiment 2 suggested that after a certain degree of hypersensitivity had been attained, less frequent inoculations would serve to maintain or heighten this condition. Experiment 7, therefore, combined certain features of the two methods. No. died Table V . The inoculation on the first day consisted of 1 cc., 10 -1 cc., 10 -~ cc., and 10 -~ cc. of blood broth culture; thereafter daily inocula of 10 -3 cc. were given for 2 weeks, at the end of which time the right corneae were inoculated with homologous streptococci. For the next 7 weeks each animal received 10 -a cc., and 10 -* cc. of homologous culture every 7 days. The left eyes were then tested; and 1 week later all animals were inoculated intravenously with the usual lethal test dose of the homologous strain. The results are summarized in Table V. It is evident that the 7 weeks' additional treatment greatly increased the hypersensitiveness of the entire group. While somewhat more than one-half of the animals showed some degree of corneal sensitivity at the end of 2 weeks, in one-fourth it was only slight. Seven weeks later, however, the number of strong ophthalmic reactions had more than doubled. The lethal test, moreover, indicated that all of the animals except those inoculated with Strain RF162B had been rendered very hypersensitive by the prolonged treatment; this was a much larger number of positive lethal reactions than would have been expected at the end of 2 weeks in a group of animals showing so few strongly positive ophthalmic reactions. In fact, if the animals inoculated with Strain RF162B be deleted from the experiment, and the one severely but not fatally shocked animal of the Q155 group be included, it can be said that all of the rabbits inoculated with six of the strains showed at the end of 9 weeks marked general hypersensitivity. The RF162B group illustrates the necessity of employing suitable strains in order to obtain satisfactory sensitivity, for although these animals were treated in identically the same manner as the others, their skin reactions were always poor and none of them was rendered sufficiently sensitive to sicken after intravenous inoculation.
DISCUSSION
Several interesting points have emerged during the progress of this work. At the beginning it was thought that the degree of hypersensitiveness would be more or less proportional to the size of the initial dose. This was to be expected from the work of Roemer (5) Kranse (6) and others on hypersensitiveness in experimental tuberculosis, and of Bloch (7) and his co-workers in trichophyton infections. But it soon became evident that, within certain limits, the initial production of multiple lesions with smaller doses of non-hemolyric streptococci was more likely to lead to marked hypersensitivity than that which followed a single lesion induced by larger amounts; furthermore, the most satisfactory hypersensitiveness followed repeated inoculations with small doses of the microorganisms. In a number of instances these doses were too small to induce macroscopic lesions in normal animals.
The results of infection of animals with single inocula of nonhemolytic streptococci and with tubercle bacilli are not exactly comparable. In the first instance, as the microorganisms are so quickly killed they do not multiply long at the site of inoculation and are dis-seminated to other areas for only a short time. In the second case they grow and are carried to distant organs, where they again increase and produce lesions; hence in the first instance relatively few local lesions are produced, while in the second case multiple and disseminated injuries occur. Repeated small inoculations with streptococci, therefore, probably reproduce more nearly the conditions following a single inoculation with tubercle bacilli. This view point is substantiated by the results of implanting agar foci infected with streptococci. Such foci harbor living streptococci for a period of from 3 to 4 weeks, but even after becoming sterile they presumably contain disintegrated bacterial sensitizing products for long periods. Nevertheless these foci have not proven as efficacious in increasing the sensitive state as have repeated inocula of small size. This suggests that the kind of lesion rather than the amount of bacterial substance is the important factor. Indeed, lesion--tubercle production--is the sine qua no• for the development of tuberculin allergy; and it is highly suggestive that Zinsser and Mueller (8) found that the production of multiple skin tuberculous lesions in rabbits yielded the best conditions for passive transfer of tuberculin allergy. They stress the r61e of the focus in the induction of "allergy;" but later Zinsser (9) thought that the peculiar manner in which the bacteria are disintegrated was the important factor. Whatever may be formed from the bacteria in a focus, our experiments indicate that only exceedingly small amounts of the substance are necessary to increase the hypersensitive condition, once the initial stimulus has been provided for the development of that state.
Experience with various infections indicates that there are two types of reaction towards reinfection with microorganisms--that of hypersensitivity, and that of immunity. That the two are often intimately linked is indicated by the opinions of most workers in this field. But there is a growing tendency to regard the two processes as not necessarily interdependent (Boquet and N~gre (10), Swift and Derick (1, 2), Rich 01) ). One problem of experimental investigation is to determine the best manner of imposing these two types of reaction, each independently of the other, on different animals, in order to study their respective rSles in the general subject of resistance. Julianelle (4) noted that rabbits sensitized by intracutaneous injection of vaccines of pneumococci showed increasing lesions up to a certain time; there was then a decrease which was associated with the appearance of immune bodies in the serum. Panton and Valentine (12) observed that rabbits receiving repeated inoculations with living staphylococci eventually showed decreasing reactions to large inocula and increasing reactions to small ones, another example of concomitant hypersensitiveness and immunity. Both groups of observers employed relatively large inocula; although the latter stated that hypersensitiveness could be induced by small doses.
From a theoretical standpoint it might be expected that when relatively large amounts of bacterial substances are acting within an animal's body there is more possibility of wide distribution and accompanying immunity. With small amounts, there is simple focal lesion-production, and attending hypersensitivity. Our experiments indicate that repeated small focal lesions usually lead to increasing general tissue hypersensitivity without local evidence of immune tissue response. Unfortunately the relative avirulence of the non-hemolytic streptococci makes it impossible to test the general immunity of rabbits so sensitized; but we have observed that rabbits may be highly sensitized and show little or no serum agglutinin against the sensitizing microorganism, and little precipitin against its nucleoprotein. Contrasted with this may be cited the observations of Fleischer and Meyer (13) that following intraperitoneal injections of vaccines prepared from B. abortus or B. typhosus, guinea pigs would yield high agglutinins against the homologous bacterium without giving abortin or typhoidin reactions.
The influence of chronicity of infection as a sensitizing factor is indicated by a number of our experiments; and again let it be emphasized that the dose of bacteria sufficient to increase the hypersensitive state was too small to induce macroscopic lesions in normal animals. Thus in the hypersensitive animal there are set up conditions favorable for the augmentation of this state in the presence of a minimum dose of antigen. Klinge (14) has recently empliasized the importance of chronicity in the production of certain peculiar reactions to coagulable protein; while the observations of Dienes (15) suggest that the local condition of the tissue into which a coagulable protein is introduced may also determine the subsequent type of reaction to that protein. Both factors doubtless have important influences, but in order to evaluate them the importance of dosage of antigen must be considered more carefully than in the past. In experimentally inciting the hypersensitive state (tuberculin-like allergy or hypersensitiveness of infection) large doses of bacteria have usually been employed; but in natural infections characterized by so-called "allergy"--better "hyperergy"--the infecting dose of microorganisms is usually small, and presumably the inciting of new lesions at a distance from the initial lesions is usually effected by relatively few germs which doubtless multiply to a certain extent at the site of metastatic implantation. But in syphilis, which is a classical example of changing "allergic" reactions, it is noteworthy that the most destructive lesion, the gumma, usually arises only after the spirochetes have been acting in the body for a number of years; and at times antecedent evidences of infection--in other words, lesions--may have been so small as to escape detection.
Other clinical examples of "allergic alteration" of tissues might be cited to show that in nature the hypersensitive state is induced or maintained by small lesions existing or reproduced over considerable periods of time.
SUMMARY
The most satisfactory method thus f~r found for the induction and maintenance of a high degree of hyperscnsitivcness--"allergy,"
"hyperergy"--against non-hemolytic streptococci consists in the repeated production of small focal lesions with minimal doses of bacteria.
After a preliminary sensitizing period of about 2 weeks' duration with either large initial, or small multiple daily inoculations, the later loci need be produced only at 7 to I0 day intervals.
Chronicity of low-grade infection appears to be an important factor in the attainment of a high degree of hypersensitivcness.
